We conducted comparative studies on soil organic matter stocks and indices of the soil's ecochemical state under Empetro nigri-Pinetum (en-P) and Vaccinio uliginosi-Betuletum pubescentis (Vu-Bp) in the Słowiński National Park. The investigated plant communities are associated with arenosols that developed from eolian sands and are exposed to high groundwater levels. the presence of fossil histosol at a depth of 75 cm in the Vu-Bp stand, which lies below the current groundwater level, is the factor that sets both stands apart. the fossil soil strongly differs from arenosol in terms of its chemical composition. a high abundance of nutrients in bioavailable forms in the soil is one of the reasons for natural renewal of downy birch in the stand, which presence in turn affects the turnover of elements and the properties of Arenosol. The results of our studies confirm the existence of strong feedback between the soil and plant communities. soils under the mixed pine-birch Vu-Bp stand are characterized by smaller stocks of organic matter and total organic carbon (toc) contained in the ectohumus as compared to the soils under the pure pine en-P stand. the opposite is found in the humic horizon. additionally, in the Vu-Bp stand we observed greater accumulation of total nitrogen (TN) in ectohumus, which is reflected in lower TOC:TN ratios. The contents of TN and TOC:TN ratios in humic horizons were similar in both stands. The soils under En-P were more strongly acidified, especially in O-horizons. Mineral horizons in both stands were characterized by a very small sorptive capacity, which increased in ectohumus and fossil soil. Significant differences between the stands were observed in the ionic composition of sorptive complexes. The soils under Vu-Bp stand were more strongly saturated with basic cations, predominantly calcium. In soil solums of both stands, we observed a deficit of bioavailable potassium and magnesium, which was partially compensated by significant amounts of these components in ectohumus and fossil soil in the Vu-Bp stand. Despite a strongly acidic ph, molar ca:al ratios suggest that there are no phytotoxic effects due to free aluminium in ectohumus, while they are unlikely in mineral horizons. the risk of phytotoxic effects is reduced by the influx of calcium from groundwater.
Introduction
interactions between soils and plants of forest ecosystems are very strong and have feedbacks character. soil, as key component of these ecosystems creates specified nutritional, water and oxygen conditions, influencing plant species composition. spatial variability in soil properties is important factor affecting variability of plant communities in different spatial scales within particular climate and vegetation zones.
A parallel influence of plants and animals on soils and the processes taking place in them is termed bio-perstructions, which constitute one of the three main mechanisms of soils transformations and their evolution (Kowalkowski 2006 (Kowalkowski , altermann et al. 2008 .
Plant commumities influence soil properties by litterfall production, quantitative and qualitative transformation of rain waters, uptake of water and nutrients and secretion of ions and chemical compounds by root systems as well as by impact of growing roots on soil structure. appearing in the places of dead roots free spaces are becoming important paths of groundwater migration. a deep transformations of soil cover in forest ecosystems may follow also due to windthrows (Peterson et al. 1990 , especially on slopes (norman et al. 1995) . Plant litterfall plays a special role among these mechanisms. its annual production and properties and affected by a complex of site conditions intensity of decomposition in a longer time determine type of humus, biological activity and chemical properties of soils. Long-term inflow of litterfall of specific chemical composition may result even in modification of the direction of soil development (augusto et al. 2002) . Formed in ectohumus in a result of plant residues decomposition and then leaching by percolating into the soil waters labile fractions of soil organic matter constitutes precursors of humic compounds and carriers of various substances, including metals (Kalbitz et Wennrich 1998 , Jonczak 2012 .
The strongest influence on forest soils have trees, which is confirmed by spatial variability of soil properties under mixed stands, which are closely related to ranges of crowns of individual tree species (Jonczak et Mackiewicz 2012) . However in some ecosystems soils can be considerably influenced also by undergrowth vegetation, which species composition affects as differentiating agent especially on the properties of o and a horizons, contributing to the development of spatial plant-soil micromosaics (Dziadowiec et al. 2002) .
the aim of this study was to compare the content and stocks of soil organic matter, total organic carbon, total nitrogen and ph, sorptive properties and the content of bioavailable forms of some metals in the soils under Empetro nigri-Pinetum and Vaccinio uliginosi-Betuletum pubescentis forest communities of Słowiński National Park associated with nutrient-poor dune habitats with high groundwater level. the presence of fossil soil at depth 75 cm in Vaccinio uliginosi-Betuletum pubescentis and tree species composition are factors differentiating the investigated stands.
Material and methods
comparative studies of the soils under Empetro nigri-Pinetum (en-P) and Vaccinio uliginosi-Betuletum pubescentis (Vu-Bp) plant communities located in Słowiński National Park were carried out in spring 2012. annual sums of precipitation for this area range from 550 to 850 mm and average annual temperatures are about 7,7°c (Parzych 2011). the study plots with dimensions of 25 x 25 meters were located in forest division 21a, within the area of stabilized by forest vegetation dunes, under which in VuBp stand, at the depth of 75 cm is the edge part of fossil bog. tree layer in en-P stand consists of a 145-year-old scots pine (Pinus sylvestris l.) with dominant diameters at breast height 15-30 cm (average 21 cm) and in Vu-Bp stand of 65-year-old scots pine (Pinus sylvestris l.) and 52-year-old downy birch (Betula pubescens) of varied diameters at breast height, with average values 36.9 cm and 13.1 cm respectively (Fig. 1) . trees density during the study year was 848 pcs per hectare in en-P stand and 880 pcs per hectare in Vu-Bp stand, with percentage of pine at 38% and birch at 62%. soil organic and humic horizons at both stands were sampled in 25 points distributed in a regular grid. organic horizons were sampled using a core sampler of diameter 20 cm. From humic horizons were taken about 0.5 kg samples of disturbed structure and samples of undisturbed structure using 100 cm 3 steel rings. in every sampling point were also done measurments of the thickness of a-horizon. in each stand was done soil pit, soils were described and sampled from every horizons for the purposes of laboratory analysis.
samples of organic horizons after removing of fresh parts of plants were dried until the constat weight in 65°c, weighted, mixed and milled into powder. samples of mineral horizons after removing of plant remains were dried in 40°c and sieved through 2.0 mm sieve to remove gravel fraction. the following properties of soils were analyzed:
• bulk density and actual moisture by drying-weight method,
• particle-size distribution by sieve method applying division into granulometric fractions after Polish soil science society 2008 (Ptg 2009 ),
• ph potentiometrically in suspention with water and 1 mol·dm -3 Kcl solution using soil:water/Kcl ratios 1:10 for organic samples and 1:2.5 for mineral samples, • the content of soil organic matter (SOM) as loss on ignition in 550°c,
• the content of total organic carbon (toc) by alten method in organic samples and tyurin method in mineral samples,
• the content of total nitrogen (tn) by Kjeldahl method using distilling unit VelP UDK-127,
• the content of bioavailable forms of P, K, Ca, Mg, Mn and Zn after soil extraction in 0.05 mol·dm -3 solution of hcl. concentrations of P in extracts were analyzed by molybdenum blue method while the remaining metals by microwave plasma atomic emission spectrometry (agilent 4100 MP-AES),
• exchangeable acidity (h w ) and exchangeable aluminium (al w ) by sokolov method,
• the content of exchangeable basis after samples extraction in ch 3 coonh 4 , ph = 7. concentrations of basis in extracts were analyzed by microwave plasma atomic emission spectrometry (Agilent 4100 MP-AES),
Based on the results of analysis were also calculated:
• average contents of SOM, TOC and TN as well as average values of ph and toc:tn ratios for organic and humic horizons at both stands,
• stocks of SOM, TOC and TN in organic and humic horizons of both stands,
• cation exchange capacity (cec),
• base saturation (Bs). Data for both stands were compared statistically using student's t-test.
Results and discussion

General characteristics of the soils
soils of the investigated stands represent arenosols developed from holocene eolian sands (table 1) with mor type of humus in en-P stand and moder type with small patches of mor type in Vu-Bp stand. ectohumus thickness in soil profiles was 8 cm in En-P and 10 cm in Vu-Bp stand, whereas thickness of humic horizons 10 cm and 23 cm respectively. a sharp transition between a-horizon and parent material in the soil of Vu-Bp stand indicates its post-agricultural character. organic horizons of the investigated soils were poor in nitrogen, which is reflected in very wide toc:tn ratios, especially in en-P stand. humic horizons characterized by very low content of toc, reaching only 1.8 g·kg -1 in en-P stand and 3.6 g·kg -1 in Vu-Bp stand, and tn, which content was 0.2 g·kg -1 in both stands (table 2) . soils are strongly acid, however ph slightly increased with depth. Soils of En-P were stronger acidified as compared to Vu-Bp. in Vu-Bp stand, at the depth of 75 cm occured fossil organic soil composed of peaty horizon (2ot) which is underlain by lacustrine deposits (2lc). Presence of this soil is important factor influencing habitat conditions in Vu-Bp stand and differentiating both stands. high, relatively stable over time groundwater level, which is about 90 cm in en-P stand and 70 cm in Vu-Bp stand (trojanowski et Parzych 2011), is the another important factor influencing conditions of plants development. 
Stocks of soil organic matter, organic carbon, nitrogen and C:N ratios
Dead above-ground and underground plant remains termed litterfall constitute the primary source of soil organic matter in forest ecosystems. litterfall mass, dynamics and chemistry are influenced by a complex of factors characterizing plant communities, including species composition, health condition, density and physiology (stachurski et Zimka 1975 , Dziadowiec et al. 2007 , Jonczak 2011 , 2013 , Jonczak et Parzych 2014 , a complex of factors characterizing site conditions, especially soil physical and chemical properties, water regime and climate conditions (Prescott et al. 1999) , as well as by a complex of factors disrupting ist production, as droughts, flows, pest outbreaks and different symptoms of anthropopressure (Dziadowiec et Plichta 1985 , Jonczak et czarnecki 2008 . conditioned mainly by properties of initial materials (Berg et staaf 1980 , albers et al. 2004 , Jonczak 2009 , tablot et al. 2012 ) and a complex of abiotic (cortez 1998 , Drewnik 2006 , Jonczak 2014 and biotic environmental factors (Dziadowiec 1990 (Dziadowiec , van der heijden et al. 2008 ) rate of litterfall decomposition, covering processes of mineralization ond humification, determines type of forest humus as well as its stocks and properties. especially large differences in litterfall chemistry and decomposition rate are observed between deciduous and coniferous tree species (augusto et al. 2002 (augusto et al. , Jonczak 2011 .
the impact of species composition of plant communities on soils properties is the quickest and the strongest reflected in their ectohumus and than in humic horizons. it is also clear in the investigated soils and concerns both contents and stocks of the analyzed components (table 3, 4). soils under mixed pine-birch Vu-Bp stand characterized by significantly lower stocks of SOM and TOC in ectohumus at larger stocks and contents of these components in humic horizons as compared to pure pine en-P stand (table 5) . Average stocks of SOM in ectohumus in En-P stand were 6729 g·m -2 whereas in Vu-Bp stand 4241 g·m -2 . stocks of toc were 3696 g·m -2 and 2469 g·m -2 respectively. in humic horizons we noticed stocks of SOM at 1141 g·m -2 in en-P stand and 2000 g·m -2 in Vu-Bp stand and toc 523 and 972 g·m -2 respectively (Table 3, 4). Total stocks of SOM in ectohumus and a-horizons are on average 21% higher, and toc 18% higher in en-P stand. in general statistically significant differences between soils of the investigated stands were also observed in the content and stocks of tn, which were larger in Vu-Bp stand. Despite the observed differences the contents of this component in both stands were low, which is reflected in very wide in ectohumus and medium in a-horizons toc:tn ratios. the gradual narrowing of toc:tn ratios with depth is typical for forest soils and is associated with immobilization of nitrogen by microorganisms. this phenomenon is commonly observed in the studies on litterfall decomposition, regardless of its type (Dziadowiec 1990 , Jonczak 2014 . Lower stocks of SOM and TOC in ectohumus at larger contents and stocks of these components in humic horizons, larger contents and stocks of tn and narrower toc:tn ratios observed in the soils of Vu-Bp stand are evidence of more favorable environmental conditions for litterfall decomposition and more intensive biological turnover as compared to en-P stand. the presence of naturally renewing birch in Vu-Bp stand, which produce more susceptible to decomposition and more abundant in nutrients litterfall as compared to pine (astel et al. 2009 ), is the main factor differentiating the investigated stands. nitrogen, which in forest soils, especially such nutrient-poor as Arenosols, is abundant in deficit amounts, plays a key-role among the nutrients. its bioavailability strongly influence species composition of forest vegetation (Matuszkiewicz et al. 2013), as well as soil fauna and microorganisms (aira et al. 2006) . the presence of birch in Vu-Bp is in turn conditioned by the presence within the range of tree root systems of fossil histosol, which is much more abundant in nutrients as compared to arenosol.
Reaction and sorptive properties of the soils
reaction, which is one of the most important indices of soil ecochemical state, influences many of their properties, including forms and mobility of elements (e.g. christ et David 1996 , anderson et al. 2000 , Yano et al. 2004 , their bioavailability (e.g. Czekała et al. 1996 , Burzyńska 2009 ) and toxicity of some of them (gough et al. 1979 , Kowalkowski 2002 , Vardar et Ünal 2007 . it is therefore a good indicator of plant growth conditions and soil biological activity (Wang et al. 2006) , allowing also to inference about the properties of soil organic matter and directions of its transformation (tonon et al. 2010) . reaction of the investigated soils, both in organic and humic horizons was within strongly acid, although varied among the stands and individual soil horizons (Table 3, 4) . In O-horizons pH was significantly lower in en-P stand whereas in a-horizons comparable in both stands. the studied arenosols characterized by a low, typical for the soils developed from eolian sands, sorptive capacity, which in en-P stand was just a 0.62-0.81 cmol (+) (table 6) . cec of sandy soils is strongly affected by humic substances (Pokojska 1986 ), but in solum of the investigated soils humus occur only in small quantities. a multiple times higher cec was observed in ectohumus (52.34-67.16 cmol (+) ·kg -1 in en-P stand and 19.66-66.63 cmol (+) ·kg -1 in Vu-Bp stand) and in fossil soil (48.25-76.79 cmol (+) ·kg -1 ). however the odtained for these horizons values of cec should be considered as overestimated, because beside exchangeable cations are also extracted labile fractions of elements (Pokojska 1986 ). a clear differences were observed between the investigated stands in percentage of the individual exchangeable cations in soil sorption complex. higher saturation with basic cations in the soil of Vu-Bp stand is due to their biogenic translocation from fossil organic soil and periodical influence of groundwater. ca 2+ is the main basic and h + the main acidic cation in the investigated soils (table 6) .
acidic ph of soils promote activization of free aluminium, which under certain conditions and appriopriate amount becomes toxic to plants. however there is no uniform opinions on the limit values of ph. it is often assumed at ph < 4.5 (grauer et horst 1992), alhough some authors move it until a ph < 5.5 (ryan et Delhaize 2010), and even pH < 6.0 (Moskal 1954) . Phytotoxic effect has not enly ionic form of aluminium but also other forms of this metal, for example tridecamer, which is about 10 times more toxic as compered to al 3+ (Parker et Bertsch 1992 , Pokojska 1994 . Phytotoxic influence of aluminium is inhibited by humic substances (gerke 1994) and calcium (ryan et al. 1994 (ryan et al. , Matsumoto 2000 . Molar ratio Ca:Al is commonly used measure in the assessment of the risk of aluminium stress (Kowalkowski 2002) . Values of this ratio in en-P stand ranged from 3.1 to 44.8 in ectohumus and from 0.6 to 0.8 in mineral horizons, whereas in Vu-Bp stand from 9.8 to 82.2 and from 0.7 to 1.2 respectively and 123.0-138.4 in fossil soil (table 6). the noted ca:al ratios, at relatively high saturation with exchangeable basis indicate that aluminium stress in ectohumus is impossible and in mineral horizons is unlikely.
The content of bioavailable forms of metals
extraction of the soils associated with coniferous forests with 0.05 mol·dm -3 solution of hcl allows to estimete their fertility and bioavailability of nutrients. Mineral horizons which contain less than 20 mg·kg -1 of phosphorus and potassium, less than 10 mg·kg -1 of calcium and 5 mg·kg -1 of magnesium are considered as poor in these elements (ostrowska et al. 2001) . the content of P in mineral horizons of the soils in en-P stand ranged from 9.9 to 46.2 mg·kg -1 , whereas in Vu-Bp stand from 23.8-41.3 mg·kg -1 , which suggest occuring of element in suitable amounts to meet the demands of autotrophs (Table 7) . There was also not observed deficit of calcium. relatively high contents of these elements may result from their periodical inflow with groundwater, which also suggest gradients of vertical distribution of these elements in soil profiles. A considerably under limit values were amounts of potassium and magnesium, suggesting strong deficit of these elements, which is accelerated by strongly acid ph of the soils. in mineral horizons of the soils under both stands we also observed low contents of manganese and zinc. a multiple times higher contents of bioavailable forms of every studied elements were noticed in strongly infiltrated by tree roots ectohumus. The contents of P, K, Ca, Mg and Zn in Oh subhorizons were 2-3 times higher in En-P stand as compared in Vu-Bp. The content of Mn showed a reverse trend. The highest amounts of P, Ca, Mg and Mn were observed in fossil soil in Vu-Bp stand (table 7) . Vertical moving of these components by groundwater from fossil soil into mineral horizons of Arenosol and the influence of birch admixture are main reasons of the observed higher concentrations of these elements in soil solum in Vu-Bp stand as compared to en-P.
Conclusions
results of comparative studies conducted in associated with dune habitats En-P and Vu-Bp stands in Sło-wiński National Park reflect well feedbacks between the soils and plant communities in varying in terms of ecological conditions forest ecosystems. the occurence at a small depth, within the range of root systems fossil histosol in Vu-Bp stand, which strongly differ from laying above it arenosol in terms of chemical properties, is a key factor differentiating both stands. Under conditions of high groundwater level fossil soil considerably influence properties of arenosol, species composition of plant communities and running in ecosystem processes. the presence of peaty bed determines, among others, natural renewing of downy birch, which in turn influence soil properties. the soils under mixed pine-birch Vu-Bp stand as compared to pure pine en-P stand characterized by:
• significantly lower stocks of SOM and TOC in ectohumus at higher stocks and conternts of these components in humic horizons. Total stocks of SOM were lower on average by 21% and toc by 18%,
• significantly higher contents of TN in ectohumus and comparable contents in humic horizons. stocks of tn were significantly higher in both horizons,
• significantly narrower TOC:TN ratios in ectohumus at comparable ratios in humic horizons,
• significantly less acidic pH in organic horizons, although in every subhorizons it was within strongly acid,
• higher saturation of sorptive complex by exchangeable basis,
• lower contents of bioavailable P, K, Ca, Mg and Zn in ectohumus at higher contents of bioavailable P, Ca and Mg and lower content of K in mineral horizons.
Low abundance of nitrogen, which is confirmed by very wide toc:tn ratios, is the characteristic feature of the soils in both stands, despite the observed differences between them. Plants in the stands are functioning under the conditions of strong acidified soils and strong deficit of potassium and magnesium. Despite strongly acid ph, the risk of phytotoxic influence of free aluminium does not occur in ectohumus and is unlikely in soil solum, which is confirmed by suitable high values of Ca:Al molar ratios. This risk is reduced by periodical influx of calcium with groundwater.
The author reports no conflicts of interest in this work. 
